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ABSTRACT:  
 
 
The ecology and conservation status of Central Asian populations of Montagu’s harriers 
Circus pygargus are poorly known. We studied the breeding biology of this species during 
three years in the Naurzum region, north-central Kazakhstan. Most Montagu´s harriers in the 
study area nested in the forest-steppe transition area, in bushy areas dominated by Dogrose 
Rosa canina, which was apparently the nesting vegetation type providing highest and densest 
nest cover in the study area. Laying occurred from 26 April to 7 June (average 13 May, n = 
49) and, although it varied significantly between years, was earlier than in western European 
populations of similar latitude. Mean (± SD) clutch size was 4.44 ± 0.86 (range 2-6; n = 50), 
in the higher range observed for the species. There was no significant interannual variation in 
clutch size, despite large variations in the abundance of small mammals in the area. Diet was 
mainly composed of lizards (54.2%, n = 533 identified prey in all three years), with small 
mammals (17.1%), passerine birds (14.3%) and insects (13.6%) being also consumed. Mean 
brood size at the last visit was 2.55 ± 2.10 (range 0-6; n =51). Failure rate was relatively high; 
the main identified cause of nest failure was predation. We compare the data obtained in this 
population breeding in natural steppes with breeding parameters from the well studied 
western European populations, and discuss the implications for the conservation of this 
species.  
 
 
Key-words: raptor, breeding biology, steppes, Kazakhstan, diet, conservation. 
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INTRODUCTION 
 
 
The Montagu's harrier Circus pygargus is a migratory raptor species that breeds from north 
Africa, west and central Europe across to Russia and central Asia (Cramp & Simmons, 1980; 
Del Hoyo et al. 1994). In Europe, one decade ago, the species had a conservation status of 
“least-concern” (Tucker & Heath, 1994), although this categorisation was mainly based on a 
very large estimation of the breeding populations in European Russia (Tucker & Heath, 
1994), possibly unreliable due to the few data available on recent population trends of this 
species in this part of its distribution range. More recently, it is still considered as “secure” 
mainly based on a positive trend in the large Russian population, but which has been 
insufficiently quantified (Birdlife International, 2004). In the core areas of western European 
populations (France and the Iberian Peninsula), it is considered vulnerable or conservation 
dependent (Millon et al. 2004; Arroyo & García, 2008). There is no information about the 
conservation status or trends of the Asian populations, which are thought to contain a 
significant part of the global breeding population (ca. 25000-30000 pairs, Ferguson-Lees & 
Christie, 2001), although again these estimates are not very precise. 
 
This ground-nesting species traditionally breeds in open landscapes with dense and tall 
herbaceous plant communities including marshes, lowland heath, rough grasslands and 
steppes. However, in the western Palaearctic, it has taken to agricultural areas in recent 
decades, breeding mainly in winter cereal or alfalfa fields. In the late 20th century, more than 
90% of breeders in the Iberian Peninsula nested within cereal crops; the proportion of birds 
breeding in cereal crops was 70-80% in France, and 40-50% in other western European 
countries (Arroyo et al. 2003). The change to agricultural habitats was probably catalysed by 
degradation or loss of natural breeding habitats, but it is likely that this was not the only 
reason. Indeed, the change from natural to agricultural areas has had a geographic spread 
(starting in south-west Europe and progressing east and north), and increased rapidly after the 
first occurrence in each area, more rapidly than the rate of habitat loss (Arroyo et al. 2003).   
 
The Montagu’s harrier is a relatively well-studied species of harrier, with numerous 
population studies in Western Europe in recent decades (review in Arroyo et al. 2004). Most 
of those studies, however, consider populations breeding in agricultural areas. In such areas, 
population sustainability depends mainly on conservation measures that reduce breeding 
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losses due to crop harvesting (Arroyo et al. 2002). In contrast, very few studies have been 
carried out in Montagu’s harrier populations breeding in natural and unaltered habitats (e.g. 
Limiñana et al. 2006). In particular, there is little information on the breeding ecology of 
Montagu´s harriers in Asian steppes, despite the apparent demographic relevance of these 
populations (Ferguson-Lees & Christie, 2001). A better knowledge of the breeding ecology of 
Montagu’s harriers in steppe areas may help improving our understanding of the stability of 
Montagu’s harrier populations at a global scale. 
 
In this paper, we report on a 3-year study of the density, breeding habitat and breeding 
parameters of Montagu’s harriers in North-central Kazakhstan. This population breeds 
primarily in natural vegetation, in a steppe ecosystem partly protected from major 
anthropogenic modifications or used extensively for grazing. We compare our results with 
those observed in well-studied populations breeding in natural and agricultural habitats in 
Western Europe, and discuss results in terms of conservation for the species.  
 
 
METHODS 
 
Study area and field methods 
 
The study area was located in and around the Naurzum Zapovednik (National Nature Reserve) 
in the Kostanay Oblast, north-central Kazakhstan (51°N, 64°E). This area is at the juncture of 
the southern limit of Siberian forests and the northern limit of Eurasian steppes. We regularly 
checked for breeding harriers along the network of accessible tracks within the area, which 
totalled 350 km in length, which means, assuming a visibility of 1-km at each side of the 
transect line, a total surveyed area of ca. 700 km². The habitat included a mosaic of dry 
steppes with Feather Grass Stipa spp. and bunch grasses on the poorer soils, low Sagebrush 
Artemisia spp. and other nutrient rich shrubs and grasses on denser soils. Reeds and 
phragmites occurred along rivers or in semi-permanent ponds throughout the study area. The 
area outside the Reserve boundaries was used by humans mainly for sheep, horse and cattle 
grazing (grazing is not authorised within the Reserve boundaries). Additionally, more than 
50% of the steppe outside the Reserve was ploughed for wheat cultivation during the ‘virgin 
lands’ program initiated in the 1950s (Katzner et al. 2005), so part of the area was covered by 
agricultural land (mainly cereal crops). Much of this area turned to fallow in the 1990s, 
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having been neglected since the dissolution of the USSR (Katzner, 2003), although we 
observed a trend for agricultural re-intensification between 2000 and 2007. Finally, 
interspersed within the steppe matrix, there were three distinct woodland patches (all within 
the Reserve) dominated mainly by Scots Pine Pinus sylvestris, Birch Betula spp. and Aspen 
Populus spp. The transition areas between forest and steppe ecosystems were characterised by 
bushy areas mainly composed by Dogrose Rosa canina and Spirea Spirea spp. bushes. 
Detailed quantitative data on the surface covered by these different habitat types is currently 
lacking, but based on semi-quantitative observations along our network of tracks, 20% of the 
monitored area was agricultural land, 60% was unprotected non-agricultural areas (including 
steppe, riverine habitats, and bushy areas, the latter not covering more than 5% of the 
surface), and 20% was protected areas (within Naurzum Reserve, including steppe, forest, 
riverine habitats, and bushy areas, the latter not covering more than 5% of the surface). 
 
 
On the study area, voles Microtus ssp exhibit strong annual fluctuations in abundance like in 
other more studied vole populations (Zhang et al. 2003; Lambin et al. 2006). Fieldwork took 
place in June 2000, June 2006 and between April and July 2007. We quantitatively assessed 
vole abundance in 2006 and 2007 by using an index based on the presence / absence of fresh 
vole droppings. Twenty five quadrats (25 cm x 25 cm) were randomly located in 11 (2006) 
and 25 (2007) randomly selected 1 × 1 km2 areas spread throughout the study site and 
sampled for the presence (1) or absence (0) of fresh voles faeces (moist and greenish in 
colour). Presence/absence scores were then summed across the 25 quadrats in each area 
(Madders, 2003). These sampling showed a mean score of 13.8. ± 7.6 per area in 2006 (n = 
11), versus 0 ± 0 in 2007 (n = 25). We did not quantitatively assess vole abundance in 2000, 
but, based on data on the breeding success of other raptor species present on the study area 
and on qualitative observations of voles at night during mammal censuses (Bragin & Katzner. 
pers.comm; Terraube et al. 2009), we estimated that this year was a high vole abundance year, 
similar to 2006.  
 
We located harrier nests by following males carrying prey and watching where females 
landed after a food pass. During the first survey (June 2000), we located 34 Montagu’s harrier 
nests of which 16 were visited. In June 2006, we found and visited 26 Montagu’s harrier 
nests. During the 2007 field season, 26 nests were also found and visited. Upon the first nest 
visit, we recorded vegetation type and height at the nest site (in m, averaged from two 
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measures at the edge of the nest). Additionally, vegetation density was categorised as sparse, 
medium, dense or very dense, by estimating the percentage of plant cover within a 1-m² area 
including the nest. Vegetation height or density were not measured at random points, so it was 
not possible to evaluate selection of nest sites in relation to vegetation height. However, for 
comparison, we present data on vegetation heights recorded (with a similar methodology to 
that described above for Montagu´s harrier nests) at pallid harrier Circus macrourus nests 
across the study area, in order to give an indication of the range of heights of other potentially 
suitable vegetation available in the area. Pallid harriers nested in three habitats representative 
of the main vegetation types in the open habitats of our study area, steppe vegetation (ray-
grass or Artemisia), riverine habitats (reeds and phragmites) and agricultural areas (set-asides 
or cereal fields) (Terraube et al. 2009). 
 
For each nest visit, we recorded clutch size or number of nestlings. If the nest contained 
nestlings, we measured the 8th primary length (in mm) to age nestlings (Arroyo, 1995). 
Laying date was estimated directly if the nest was visited during laying, or by subtracting 30 
days from the estimated date of hatching (estimated from nestling´s age). We calculated 
relative laying date for each nest as the difference between the lay date for that nest and the 
average laying date for that year. First year and adult (>1 year old) females were identified 
from plumage characteristics (see Forsman, 1999). 
 
During nest visits, we tried to minimize the length of the stay at the nests and to leave the 
vegetation as undisturbed as possible, to minimize the risk that human disturbance would 
make nests more vulnerable to predation. We believe that our nest visits were unlikely to have 
significantly increased predation rate because of two observations: i) in 2000, nests monitored 
at distance without being visited failed at the same rate than visited nests (authors pers. obs.); 
and ii) pallid harrier nests on the study area in the same study years (whose nests were visited 
in the same manner as those of Montagu´s harriers) had very low predation rates (see 
Terraube et al. 2009). 
 
The location of all nests was marked with a GPS. Between-nest distances were calculated in 
Arc View 3.2 from GPS locations. We used data from all the nests located, including those 
that were not visited. We calculated for each nest the number of breeding neighbours present 
within 1 km using Arcview 3.2. 
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To characterise diet, we collected pellets and prey remains each year at nests or perching sites, 
and also included observations of prey deliveries at the nest, when we could identify the prey 
type. Pellets were analysed and their contents were classified as “birds”, “small mammals”, 
“reptiles” and “insects”. We could not identify all pellet contents to species, but most (95.3%, 
n = 37) identified small mammals were voles. We assessed the minimum number of each prey 
category per pellet. Data from pellets only were too few (particularly in 2006) to allow Chi-
square analyses among years, so we have combined pellets and prey observations at nests. 
Prey biomass was estimated for each prey type following Arroyo (1995) as 20 g for small 
mammals, 29 g for birds, 10 g for reptiles, 5 g for insects and 15 g for eggs.   
  
Weather data for the three years of the study was obtained through the meteorological station 
of the Naurzum Nature Reserve (E. Bragin, unpubl. data). Available data were averaged daily 
temperature for 2006 and 2007, and average temperature for each 10-day period each month 
for 2000. Additionally, we had access to monthly total rainfall each year. Given that daily 
temperatures were only available for 2006 and 2007, we only performed statistical tests for 
those two years. 
 
Data analysis 
 
We used Generalized Linear Models (GLM) to test for between-year differences in breeding 
density, laying date or temperature. Inter-nest distance, laying date or temperature were fitted 
to models using a normal error distribution. Number of neighbours within a 1-km radius was 
fitted to models using a Poisson distribution. 
 
We also analyzed variations in clutch and brood size in relation to breeding phenology and 
year using Generalized Linear Models, fitting the response variables to a normal distribution). 
The initial model included “laying date”, “year” and their interactions as explanatory 
variables. Non-significant terms were removed sequentially until the most parsimonious 
model was obtained.  
 
Given that in two of the years monitoring occurred only during a limited time span (one 
month), we could not calculate breeding success directly by evaluating the proportion of pairs 
that start breeding that lead to at least one fledging (the usual procedure in raptor studies, 
Steenhof, 1987). In contrast, and to avoid underestimations, breeding success (i.e., the 
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proportion of nests in which there was at least one fledging) was estimated by modulating the 
observed failure rate by the “exposure time” (number of days between first and second visit; 
Mayfield 1975). Nests visited only once were not included in this analysis. This means there 
were not sufficient data for 2000 to calculate breeding success, and data are presented only for 
2006 and 2007. 
 
All tests are two-tailed and data are presented as means ± SD. 
 
RESULTS 
 
Breeding habitat 
 
 
Surveys to locate harrier nests were conducted in a large variety of habitat types, including 
steppe, marshland and agricultural areas (see Terraube et al. 2009). For the 67 nests 
monitored during the three years, nest vegetation-type ranged from steppe areas with 
Artemisia patches (5.97%, n = 4), to dense reeds on riverine habitats (2.98%, n = 2), ray grass 
(1.49%, n = 1), Spirea bushes (1.49%, n = 1), or berry bushes (4.47%, n = 4). However, the 
majority of nests (83.58%, n = 55) were found in Dogrose Rosa canina bushes in the forest-
steppe transition area. Vegetation height at the nest site averaged 109 ± 33 cm (range 50-200; 
n = 64). For comparison, mean vegetation height at pallid harrier nests was 53.63 ± 14.9 cm 
for nests found in steppe vegetation (n = 22), 156.11 ± 62.3 cm for nests found in riverine 
habitats (n = 36), and 30 ± 18.3 cm for nests in agricultural areas (n = 8). Vegetation density 
around Montagu´s harrier nests was classified as very dense in 15% of the cases (n = 53), 
53% of the nests were situated in dense vegetation, and medium dense in 32% of the cases. 
No nests were found in sparse vegetation. For comparison, 44% of pallid harrier nests 
appeared in sparse vegetation (mainly in agricultural or steppe vegetation), and 56% in dense 
vegetation (in riverine habitats) (n = 75).  
 
Breeding density 
 
Distance to nearest breeding neighbour averaged 1031 ± 2487 m (range 39-15733 m; n = 65 
active nest-sites). Average breeding density (number of breeding neighbours present within a 
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1-km circle around each nest) was 2.75 ± 2.14 (range 0-8, n = 65). Average breeding density 
varied significantly between years (GLM: χ22 = 8.46, P = 0.015) with density being 
significantly higher in 2007 than in 2006 (GLM: χ21 =7.60, P = 0.006). There was also a 
tendency for density to be higher in 2007 than in 2000 (GLM: χ21 =3.64, P= 0.056).  
 
Breeding phenology  
 
Laying occurred from 26 April to 7 June (n = 49; average: 13 May). Mean laying dates varied 
significantly between years (GLM; χ22 = 23.25, P <0.0001), with laying being almost two 
weeks later in 2007 than in the other years studied (2000: 6 May ± 13 days, n = 13; 2006: 7 
May ± 8 days, n = 19; 2007: 22 May ± 9 days, n = 17, Fig. 1.a). Mean April temperatures 
were significantly lower in 2007 than in 2006 (χ22 = 7.52, P = 0.0061). More precisely, 
temperatures of the first and second decades of April were significantly lower in 2007 than in 
2006 (respectively χ22 == 12.66; P=0.0004 and χ22 == 16.02; P<0.001), and much lower also 
than in 2000 (Table 1).  
 
When taking into account annual differences, laying onset extended over 8 weeks (Fig. 1.a). 
However, most (75.9%) clutches each year were laid within a three-week period (Fig. 1.b). 
 
Breeding parameters  
 
Clutch size averaged 4.44 ± 0.86 (range 2-6; n = 50). There was no significant variation in 
clutch size among years and this parameter was not significantly related to laying date (GLM; 
year:  χ22 =0.83, P = 0.66; laying date: χ21 =0.44, P =0.51), or relative laying date (GLM; 
relative laying date: χ21 = 0. 18, P = 0.67).  
 
Mean brood size at the time of the last visit was 2.55 ± 2.10 (range 0-6; n = 51). Brood size 
variation was not significantly explained by year (GLM;  χ22 = 3.40, P = 0.18) or laying date 
(GLM; χ22 = 0.90, P = 0.34). 
 
The proportion of breeding females that were first year birds was 6.3% (n = 16) in 2000, and 
11.5 % in 2006 and in 2007 (n = 26 for each year). This proportion did not differ significantly 
between years (χ22 = 0.41; P = 0.82). 
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Nest failures 
 
The mean percentage of failed nests over the 3 years of the study was 30%, ranging from 7.69 
% (of 26 nests) in 2006 to 43.75% (of 16 nests) in 2000, with an intermediate value (38.46 % 
of 26 nests) in 2007. Of the 18 nests failed during the three years, 9 failed during the 
incubation and 9 during the nestling period. On most occasions, there were no remains left at 
the nest, but in 5 nests in 2007, broken eggshells were present, and in 2 nests in 2000, nestling 
remains were found. In these cases, predation by mammals was the most likely cause of 
failure.  
 
Mayfield nest success was 65% (95% confidence intervals 44.7-85.3%) for 2006 and 20.2% 
for 2007 (95% confidence intervals 2.7-37.7%). Although data for 2000 were insufficient to 
calculate Mayfield nest success, we know that 7 of the 16 nests visited in 2000 failed, all but 
one of them in a single colony. In other colonies the proportion of located nests that were 
visited was smaller, but we know that they were active at last visit, so overall failure rate may 
have been lower than that calculated from our own nest visits. 
 
Diet 
 
Combining pellets and observations in all three years, lizards formed the main prey category 
by number (54.18%, n = 537 identified prey in total), whereas the percentage of small 
mammals was 17.13 %, birds represented 14.33% and insects 13.59% of all prey. In terms of 
biomass, birds were the most important prey (38.70%), followed by small mammals (31.30%) 
and lizards (27.91%). Comparing pellets with observations at the nest, lizards were more 
frequent at nests (66.6%, n = 96 identified prey in nest deliveries) than in the pellets (51.47%, 
n = 441 identified prey in pellets). Insects were never identified at nests, although their 
frequency in pellets was 16.55%. Percentages of small mammals and birds were similar, 
regardless of how diet was determined. The overall proportion of each prey type in the diet 
changed significantly among years (χ26 = 37.95, P < 0.001), with birds being more common, 
and lizards less common in 2000 than in other years (Fig. 3). 
  
 
 
DISCUSSION 
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The main findings of this study were that Montagu´s harriers in north-Kazakhstan (a) use 
dogrose bushes for nesting more frequently than they use other vegetation types; (b) had a 
diverse diet based on reptiles, passerines, and small mammals; (c) had large clutches, suffered 
relatively high nest failure rates, but appeared nevertheless to have relatively high 
productivity, and (d) experienced little interannual variation in breeding parameters. 
 
The regular use of dogrose as a nesting habitat, with most (84%) nests found in that 
vegetation despite it covering less than 10% of the total surface (see methods), was probably 
associated to the height of that vegetation. It is known that Montagu´s harriers select 
relatively tall vegetation for placing their nests (Arroyo et al. 2004 and references therein). 
The steppe vegetation is relatively low throughout the whole breeding season (see results for 
mean vegetation height around pallid harrier nests in steppe vegetation), and the reeds or 
agricultural vegetation are not grown when Montagu´s harriers return to the breeding grounds 
(authors, pers. obs.). Dogrose bushes may thus be the only vegetation in the area that is tall 
enough at settlement time to be attractive for Montagu’s harriers. This may mean that, in the 
natural steppes of Kazakhstan, the suitable habitats available for nesting are limited. The 
observed high vegetation density at Montagu’s harrier nests (as compared to nests of Pallid 
harrier) may be a by-product of Montagu´s harriers nesting in Dogrose, usually denser than 
alternative vegetation, or may indicate that Montagu´s harriers also prefer dense vegetation as 
a protection from predators (Claro 2000). 
  
Average first egg laying date for the Montagu´s harriers in this population was mid May. 
Laying dates are known to vary with latitude (Arroyo et al. 2004). Combining data for the 
three years of the study, laying dates in the Naurzum region were 5 days earlier than expected 
from the relationship between laying date and latitude in other studied populations (Fig. 2). 
This difference increased to 15 days if excluding data from 2007, the year when laying was 
significantly later, most likely because of bad weather conditions (see below). All other 
studied Montagu’s harrier populations winter in western or central Africa (Limiñana et al. 
2007; Trierweiler et al. 2007). The observation that Montagu’s Harrier breeding in 
Kazakhstan breed somewhat earlier (relative to latitude) than western European birds may 
indicate that they winter in areas that are closer to their breeding grounds than their western-
European counterparts (or that their spring migration starts relatively earlier), or else that 
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weather conditions on arrival to the breeding grounds in Kazakhstan are more benign than 
those of western Europe at similar latitudes. Indeed, mean temperatures in Naurzum in April 
were low (Table 1) in comparison with a same latitude western European site (Rotterdam, 
mean temperature in April: 8.2 ºC. http://www.worldclimate.com). But mean temperatures in 
Naurzum increased quickly and reached a mean of 14.2 ± 4.9 ºC in May, as compared with an 
average of 12.5 ºC in May in Rotterdam. This difference could be related to the strong 
continental climate characteristic of central Asian steppes, which could explain the earlier 
laying dates observed in our study population. The likely effect of weather on lay dates is also 
supported by the fact that laying in 2007 was delayed by two weeks. Interannual differences 
in lay date in a given population might be explained by differences in weather conditions 
(Sergio, 2003a; 2003b; McDonald et al. 2004) and / or food abundance (Potapov, 1997; 
Steenhof et al. 1997; Salamolard et al. 2000; Nielsen & Moller, 2006). It is unlikely that food 
abundance was the main reason behind the delay in laying observed in 2007, given that clutch 
sizes were large and similar to those of previous years. On the other hand, the low 
temperatures observed in 2007 during the pre-laying period might have delayed laying that 
year.  
 
The mean clutch size in our study population was among the largest found for this species in 
Western Europe (Table 2). Interestingly, we found no significant interannual variations in 
clutch size or the proportion of breeding first-year females, despite strong variations in the 
abundance of one of their prey, voles. This is in contrast to that observed in western European 
vole-eating populations (Salamolard et al. 2000; Millon et al. 2002; Koks et al. 2007). 
Montagu’s Harriers in the study area had a generally diverse diet, and voles were not the most 
important part of the diet, even in years of high vole abundance (population outbreaks). This 
may be related to abundance of other prey: although we could not measure those during this 
study, it was qualitatively apparent that both passerines and lizards were very abundant in the 
area (author’s pers. obs.). Observed interannual variations in diet could be linked to variations 
in the abundance of non-vole prey, or to differences in sampling between years (e.g., low 
sample size in 2000, Fig. 3). Interannual differences in clutch size have nevertheless been 
observed in generalist populations in western Europe (Arroyo & García, 2006; or Castaño, 
1995), so it is possible that the duration of our study (3 years) was not enough to detect 
interannual variations, which are expected to be lower in amplitude for generalist than for 
specialist predators.  
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Another interesting result was the absence of seasonal decline in clutch size, as reported in 
many other studies on Montagu´s harrier (Castaño, 1995; Salamolard, 1998; Millon et al. 
2002; Koks et al. 2007), other raptors (Newton & Marquiss, 1984; Korpimäki & Wiehn, 
1998; Mougeot & Bretagnolle, 2006) and more generally in bird species (Arnold et al. 2004). 
A seasonal decline in clutch size is usually related to a difference in the quality of individuals 
breeding earlier vs. later in the season, or to a degradation of environmental conditions, with 
poorer breeding conditions later in the season (decreased food resources and/or more frequent 
adverse climatic events).  Only one previous study on this species did not find any 
relationship between laying date and clutch size (Corbacho & Sanchez, 2000). In our study 
population, this absence of seasonal clutch size decline could be explained by the marked 
laying synchrony observed in the three years of the study, when at least 63.2% of the 
monitored pairs started laying within a two-week period (see Fig 1b). A similar pattern has 
been observed by Arroyo (1995) in a Spanish population of Montagu’s harriers during years 
of high breeding synchrony.  
 
Estimates of nest failure rates were higher than in western European populations, when 
excluding failures due to harvesting activities (Arroyo et al. 2004, and references therein). 
The most important identified cause of failure was predation. A high predation rate in our 
study population may be expected, since the predator community of north-central Kazakhstan 
steppes is very rich. However, it is difficult to discriminate between ultimate and proximate 
causes of failure, because in most cases no remains were found (so the cause of failure is 
unknown), and if broken eggshells appeared it was difficult to differentiate whether the nest 
had been predated, or the eggs had been abandoned and subsequently eaten by scavengers 
(such as corvids). A combination of poor food supply to incubating females, inclement 
weather, and predation may be involved. Overall, in any case, the Montagu´s harrier 
population in the Naurzum area appeared to have high nest failure rates, with predation being 
a non-negligible cause of failure. Predation rates could also be high after fledging, because the 
Naurzum area supports an extremely high density of eastern imperial eagles (Aquila heliaca) 
that regularly prey on harriers (Katzner et al. 2006). The role of predation on the breeding 
success of this population needs further research.  
 
Despite relatively high failure rates, it appeared that the Montagu´s harrier population had a 
relatively high productivity. Unfortunately, fieldwork was undertaken during a short time the 
first 2 years of the study, and there was thus not enough information to evaluate fledging 
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success and productivity for those years. Nevertheless, there were no differences in brood size 
among years, including 2007 when monitoring was more intense, and the mean brood size at 
the last visit was in the top range of those observed in western European populations nesting 
in natural vegetation or when conservation measures to protect nestlings from harvesting 
activities are in place (2.74 in Castellón, Spain, Limiñana et al. 2006;  1.80 ± 0.21 in 
Groningen, Netherlands, Koks et al. 2001; 1.83 ± 1.33 in western France, Salamolard et al, 
2000; 2.50 ± 1.52 in Extremadura, Spain, Corbacho et al. 1997; 1.90 ± 1.57 in central Spain, 
Arroyo, 1995).  
 
In conclusion, Montagu’s harrier populations breeding in natural steppes of northern 
Kazakhstan appear to be relatively productive despite high failure rates, which suggest that 
they may have sustainable dynamics. However, they seem dependent on a relatively scarce 
habitat (dogrose bushy areas), which may be further depleted if steppe areas are turned into 
alternative land uses, such as agriculture, or could be sensitive to overgrazing. One of the 
main threats for steppe habitats in north Kazakhstan is the likely expansion of cereal 
agriculture in the near future. In our study area, good meteorological conditions and the 
overall economic growth in recent years has allowed the expansion of the agricultural areas 
onto adjacent steppe biotopes (Bragin, 2003). It is relevant that the most preserved shrubland 
areas (holding the main breeding colonies of Montagu’s harriers) in our study area where 
inside a National Nature Reserve, whereas this type of habitat appeared to be more 
fragmented in grazed and farmed steppe areas. Additionally, climate changes through an 
increase in fire frequency (as it seem to have been the case in recent years) could further 
reduce the availability of Montagu’s harrier breeding habitats in our study area. It would be 
important to determine whether this is the trend in central Asia at large.   
 
It would also be interesting to evaluate the population implications of breeding in agricultural 
versus natural habitats for the species. Agricultural habitats are widely available, but 
published data showed that at present 60% of nestlings in the Iberian Peninsula and France 
would die because of harvesting activities if unprotected by conservation measures, and that 
such a reduction in productivity makes harrier populations unsustainable in the absence of 
conservation measures (Arroyo et al. 2002). Additionally, the current intensification rate of 
western Europe agricultural areas has led to important reductions in food abundance (voles 
and passerine birds, Butet & Leroux, 2001; Donald et al. 2001 ), so food availability might be 
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more limiting in western European areas than in the preserved steppes of Central Asia. 
Breeding in natural vegetation may lead to higher productivity (e.g. Limiñana et al. 2006), but 
these populations may be more threatened by habitat disappearance and, as predator 
communities are more diverse, may suffer higher predation rates during the breeding period. 
Further research is needed to better understand the dynamics of these different populations 
and the interplay between breeding habitat selection and availability, breeding success, food 
availability, and predation levels.  
 
 
Acknowledgements  
 
We thank Mike Madders, Jeff Watson, Becky Wills, Ainur Akhmetova, Robert Stakim, 
Alexey Timoshenko, and Maxim Glushkov for help with data collection, and Natural 
Research for funding this work. Becky Wills also acted as a translator in 2000, and Ainur 
Akmetova helped with translations and logistics in 2006. We also thank the current director of 
the Reserve, Muttakov Bagitjan Zhakezhanovich, the deputy director, Zeinelova Maria 
Alexandrova and all the staff of the Naurzum Nature Reserve for help in setting up our fieldwork 
in the Naurzum region.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
REFERENCES 
 16 
 
 
Arnold, JM., Hatch, JJ & Nisbet, ICT. (2004). Seasonal declines in reproductive success of 
the common tern Sterna hirundo: timing or parental quality? Journal of Avian Biology, 
35: 33-45. 
Arroyo, B. (1995). Breeding ecology and nest dispersion of Montagu’s harrier Circus 
pygargus in Central Spain. PhD thesis. University of Oxford. 
Arroyo, BE., Leroux, ABA & Bretagnolle, V. (1998). Patterns of egg and clutch size 
variations in Montagu’s Harriers. Journal of Raptor Research 32, 136-142.  
Arroyo, BE, García, JT & Bretagnolle, V. (2002). Conservation of the Montagu's harrier 
(Circus pygargus) in agricultural areas. Animal conservation, 5 (4): 283-290. 
Arroyo, BE., Bretagnolle, V & García, JT. (2003). Land use, agricultural practices and 
conservation of Montagu’s Harrier. BOU Proceedings. In Thompson, DBA, Redpath, 
SM, and Marquiss, M (eds), Raptors in a changing environment. JNCC, Peterborough.  
Arroyo, BE, Garcia, JT & Bretagnolle, V. (2004). Circus pygargus Montagu’s harrier. BWP 
Update 6: 41-55. 
Arroyo, BE & Garcia, JT. (2006). Diet composition influences annual breeding success of 
Montagu’s Harriers (Circus pygargus) feeding on diverse prey. Bird study, 53: 73-78.  
Arroyo, B. & García, J. (2008) El aguilucho cenizo y el aguilucho pálido en España. 
Población en 2006 y método de censo. SEO/BirdLife. Madrid. 
Bijlsma, RG., Blomert, AM., Van Manen, W & Quist, M. (1993). Ecologische Atlas van de 
Nederlands Roofvogels. Schuyt, Harlem.   
Birdlife International. 2004. Birds in Europe, population estimates, trends and conservation 
status. Bird Conservation Series nº12.  
Bragin, EA. (2003). Osobennosti rasprostraneniya, chislennosti I nekotorye cherty ekologii 
stepnogo lunya (Circus macrourus) v Kustanaiskoi oblasti. Distribution, number and 
some features of ecology of the pallid harrier (Circus macrourus) in Kustanai region // 
Selevinia. 2003. Pp.145-149. In Russian. 
Butet, A & Leroux, ABA. (2001). Effects of agriculture development on vole dynamics and 
conservation of Montagu’s harrier in western French wetlands. Biological Conservation, 
100: 289-295.  
Castaño, JP. (1995). Ecología reproductiva del aguilucho cenizo Circus pygargus en el campo 
de Montiel. Un estudio aplicado a la conservación. Unpublished PhD thesis. University 
of Madrid.  
 17 
Claro, JC. (2000). Ecologia reproductiva do Tartaranhao-caçador Circus pygargus (L.) na 
regiao de Evora. M.S.c. Thesis, University of Evora.  
Castaño, JP. (1997). Fenología de puesta y parametros reproductivos en una población de 
aguilucho cenizo en el campo de Montiel. Ardeola, 44: 51-60. 
Corbacho, C., Sánchez, JM & Sánchez A. (1997). Breeding biology of Montagu’s harrier 
Circus pygargus L. in agricultural environments of southwest Spain; comparison with 
other populations in the western Palearctic. Bird Study, 44, 166-175.    
Corbacho, C & Sanchez, JM. (2000). Clutch size and egg size in the breeding strategy of 
Montagu’s harrier Circus pygargus in a Mediterranean area. Bird study, 47: 245-248. 
Cormier, JC. (1985). La reproduction du busard cendré Circus pygargus L. dans deux sites de 
l’Ouest de la France. L’oiseau et la Revue Française d’Ornithologie, 55 : 107-14.    
Cramp, S & Simmons, KEL. (1980). The birds of the Western Palearctic, Vol. II. Oxford 
University Press, Oxford.  
Del Hoyo, J., Elliott, A & Sargatal, J (editors). (1994). Handbook of the birds of the world. 
Vol 2: New world vultures to guineafowl. Lynx edicions. Barcelona, España.    
Donald, PF, Green, RE and Heath, MF.  (2001). Agricultural intensification and the collapse 
of Europe’s farmland bird populations.  
Faralli, U. (1994). Breeding biology, habitat selection and conservation of Montagu’s harrier 
Circus pygargus I the northern Apeninnes, Italy. In Meyburg, B-U and Chancellor, RD 
(eds), Raptor Conservation Today. Proceedings of the IV World Conference on Birds of 
Prey and Owls. Berlin, Germany, 10-17 May 1994, Pica Press, London.    
Ferguson-Lees, J & Christie, DA. (2001). Raptors of the world. Helm editions, London. 
Forsman, D. (1999). The Raptors of Europe and the Middle East. A Handbook of Field 
Identification. 2nd edition, A & C Black Publishers Ltd., London.  
Hays, C. (1971). Essai sur la biologie de reproduction du Busard cendré (Circus pygargus) 
dans le Morbihan. Ar Vran 4, 1-15.  
Katzner, TE. (2003). Ecology and behaviour of four coexisting eagle species at Naurzum 
Zapovednik, Kazakhstan. PhD thesis, Arizona State University, Tempe, AZ.  
Katzner, TE, Bragin, EA, Knick, ST., Smith, AT. (2005). Relationships between 
demographics and diet specificity of Imperial eagles Aquila heliaca in Kazakhstan. Ibis, 
147: 576-586.     
Katzner, TE., Bragin, EA., Knock, ST & Smith, AT. (2006). Spatial structure in the diet of 
imperial eagles Aquila heliaca in Kazakhstan. Journal of Avian Biology, 37(6): 594-
600. 
 18 
Koks, BJ, Van Scharenburg, K & Visser, EG. (2001). Grauwe Kiekendieven Circus pygargus 
in Nederland: balanceren tussen hoop en vrees. Limosa 74, 121-36.    
Koks, BJ., Trierweiler, C., Visser, EG., Dijkstra, C & Komdeur, J. (2007) Do voles make 
agricultural habitat attractive to Montagu’s harrier Circus pygargus? Ibis, 149: 575-586. 
Korpimäki, E & Wiehn, J. (1998). Clutch size of kestrels: seasonal decline and experimental 
evidemce for food limitation under fluctuationg food conditions. Oikos, 83: 259-272. 
Krogulec, J & Leroux, ABA. (1994). Breeding ecology of Montagu’s harrier Circus pygargus 
on natural and reclaimed marshes in Poland and France. In Meyburg, B-U and 
Chancellor, RD (eds), Raptor Conservation Today Proceedings of the IV World 
Conference on Birds of Prey and Owls. Berlin.        
Lambin, X., Bretagnolle, V & Yoccoz, NG. (2006). Vole population cycles in northern and 
southern Europe: Is there a need for different explanations for single pattern? Journal of 
Animal Ecology, 75: 340-349.   
Limiñana, R., Soutullo, A., Urios, V & Surroca, M. (2006). Vegetation height selection in 
Montagu’s harriers (Circus pygargus) breeding in a natural habitat. Ardea, 94(2): 280-
284. 
Limiñana, R., Soutullo, A & Urios, V. (2007). Autumn migration of Montagu’s harriers 
(Circus pygargus) tracked by satellite telemetry. Journal of Ornithology, 148: 517-523. 
MacDonald, PG., Olsen, P & Cockburn, A. (2004). Weather dictates reproductive success and 
survival in the Australian brown falcon Falco berigora. Journal of Animal Ecology, 73 
(4): 683-692.   
Madders, M. (2003). Hen harrier Circus cyaneus foraging activity in relation to habitat and 
prey. Bird study, 50: 55-60. 
Martelli, D & Sandri, V. (1991). Status ed ecologia riproduttiva dell’albanella minore (Circus 
pygargus) in Emilia-Romagna. Analisis conclusiva. In Montemaggiori, A (ed.), Atti V 
Convegno Italiano di Ornitologia. Bracciano, 4-8 Ottobre 1989. Ricerche di Biologia 
della Selvaggina 17, 49-52.     
Mayfield, H. (1975). Suggestions for calculating nest success. Wilson bulletin, 87, 456-466. 
Millon, A., Bourrioux, JL., Riols, C & Bretagnolle, V. (2002). Comparative biology of Hen 
Harrier and Montagu’s Harrier: an 8-year study in north-eastern France. Ibis, 144: 94-
105. 
Millon, A., Bretagnolle, V. & Leroux, A. (2004). Busard Cendré. Circus pygargus. In, J. M. 
Thiollay y V. Bretagnolle. (Eds.). Rapaces nicheurs de France. Distribution, effectif et 
conservation, pp. 70-74. Delachaux et Niestlé. Paris.  
 19 
Mougeot, F & Bretagnolle, V. (2006). Breeding biology of the Red kite Milvus milvus in 
Corsica. Ibis, 148:436-448.    
Newton, I & Marquiss, M. (1984). Seasonal trend in the breeding performance of 
sparrowhawks. Journal of Animal Ecology, 53 (3): 809-829. 
Nielsen, JT & Moller, A.P. (2006). Effects of food abundance, density and climate change on 
reproduction in the sparrowhawk Accipiter nisus. Oecologia, 149: 505-518.  
Onofre, N. (1995). A reproduçao da águia caçadeira Circus pygargus en Portugal. Alytes 7, 
481-94.    
Pandolfi, M & Giacchini, P. (1991). Distribuzione e successo riproduttivo di albanella minore 
Circus pygargus nell Marche. Rivista Italiana di Ornitologia 61: 25-32.     
Potapov, ER. (1997). What determine the population density and reproductive success of the 
Rough-legged buzzard, Buteo lagopus, in the Siberian tundra? Oikos, 78(2): 362-376. 
Pérez Chiscano, JL & Fernández Cruz, M. (1971). Sobre Grus grus y Circus pygargus em 
Extremadura . Ardeola Special Volume, 509-74.  
Salamolard, M. (1998). Stratégie d’utilisation des resources chez une espèce de rapace semi-
colonial, le Busard cendré (Circus pygargus). Thèse de doctorat. Université de Tours. 
Salamolard, M., Butet, A., Leroux & Bretagnolle, V. (2000). Responses of avian predator to 
variations in prey density at a temperate latitude. Ecology, 81(9): 2428-2441. 
 Sergio, F. (2003a).Relationship between laying dates of black kites Milvus migrans and 
spring temperatures in Italy: rapid responses to climate change? Journal of Avian 
Biology, 34: 144-149. 
Sergio, F. (2003b). From individual behaviour to population pattern: weather-dependent 
foraging and breeding performance in black kites. Animal Behaviour, 66: 1109-1117. 
Steenhof, K. 1987. Assessing raptor reproductive success and productivity. In Giron 
Pendleton, B.A., Millsap, B.A., Kline, K.W. & Bird, D.M. (eds). Raptor Management 
Techniques Manual: 157-170. Washington, DC: National Wildlife Federation.   
Steenhof, K., Kochert, MN & McDonald, TL. (1997). Interactive effects of prey and weather 
on golden eagle reproduction. Journal of Animal Ecology, 66 (3): 350-362. 
Terraube, J., Arroyo, BE., Mougeot, F., Madders, M., Watson, J & Bragin, EA. (2009). 
Breeding biology of the pallid harrier Circus macrourus in north-central Kazakhstan: 
implications for the conservation of a Near-Threatened species. Oryx (in press). 
Trierweiler,C., Koks, B., Drent, R., Exo, KM., Komdeur, J., Dijkstra, C & Bairlein F. (2007) 
Satellite tracking of two Montagu’s Harriers (Circus pygargus) : dual pathways during 
autumn migration. Journal of Ornithology, 148 (4), 513-516.  
 20 
Tucker, GM & Heath, MF. (1994). Birds in Europe: their conservation status. Cambridge, 
UK: Birdlife International (Conservation series nº 3). 
Underhill-Day, J. (1990). The status and breeding biology of Marsh harrier and Montagu’s 
harrier in Britain since 1900. Unpublished Ph.D. Thesis, CNAA, London.  
Zhang, Z., Pech, R., Davis, S., Dazhao, S., Xinrong, W & Wenquin, Z. (2003). Extrinsic and 
intrinsic factors determine the eruptive dynamics of Brandt’s vole Microtus brandti in 
Inner Mongolia, China. Oikos, 100 (2): 299-310.   
 21 
Table 1: Mean temperatures and precipitation levels of the 3 spring months of the study 
period (2000-2006-2007). 
 
 
 
 
Year 2000   2006   2007   
  
Mean 
temperatures 
Precipitations 
(mm) 
Mean 
temperatures 
Precipitations 
(mm) 
Mean 
temperatures 
Precipitations 
(mm) 
April 1* 4.5 
  
 5.0 ± 5.3   -2.5 ± 2.7 
  April 2 11.6 11.4 ± 4.1   4.2 ± 2.6  
April 3 14  8.0 ± 5.4   10.5 ± 2.1 
24.3 April  10 ± 4.9 20.7  8.1 ± 5.2 13.9 4.0 ± 5.9 
May 1 9.9    9.4 ± 4.1   7.0 ± 8.1     
May 2 9.9   15.3 ± 2.4   15.3 ± 3.7    
May 3 14.2   19.4 ± 3.6   20.7 ± 2.7   
May 11.3 ± 2.4    36.8 14.8 ± 5.3 29.6 14.5 ± 7.7 56.4 
June 1 17.8   21.8 ± 3.6   12.3 ± 4.5   
June 2 20   25.5 ± 4.5   19.5 ± 5.4   
June 3 25.5   20.0 ± 0.9   24.7 ± 4.8   
June  21.1± 3.9   32.9 22.4 ± 4.0 12.1 18.8 ± 7.0  27.9 
Vole 
index no data 
    
13.8 ± 7.6 0 ± 0 
 
 
* April 1, 2, 3 refer to the first, second and third decades of April, respectively (same for May 
and June). 
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Table 2. Variations of clutch size in different parts of Europe and Central Asia (modified from 
Arroyo et al. 2004). 
 
 
Location Clutch size n Range References 
The Netherlands 4.20 ± 0.80 112 2-7 Bijlsma et al. 1993 
Poland 3.90-4.40 125 2-5 Krogulec & Leroux 1994 
England 4.02 ± 0.07 227 2-10 Underhill-Day, 1990 
France, Morbihan 4.27 ± 0.14 29 3-6 Hays, 1971 
France, Maine et Loire 3.69 ± 0.19 26 2-5 Cormier, 1985 
France, Vendée 3.61 ± 0.17 23 2-5 Cormier, 1985 
France, Vendée 3.75 ± 0.80 101 2-6 Arroyo et al. 1998 
France, Charente-
Maritime 
2.80 ± 0.40 - 
4.39 ± 0.15 
200 1-6 Butet & Leroux, 2001 ; Arroyo et al. 1998 
France, Deux Sevres 4.28 ± 1.09 143 2-8 Arroyo et al. 1998 
France, Champagne-
Ardennes       
 
 
 
 
 
 
 
 
 
 
3.65 ± 1.01 111 1-6 Millon et al. 2002 
Italy, N. Appenines 3.32 31 - Faralli, 1994 
Italy, Marche 3.8 37 - Pandolfi & Giacchini, 1991 
Italy, Emilia-Romana 3.70 ± 0.80 61 2-5 Martelli & Sandri, 1991 
Spain, Madrid 3.93 ± 0.84 215 2-6 Arroyo et al. 1998 
Spain, Ciudad Real 4.30 ± 1.00 120 2-9 Castaño, 1997 
Spain, Badajoz 3.48 ± 0.99 98 1-5 Corbacho et al. 1997 
Spain, Castellón 4.34 ± 0.84 266 2-8 Limiñana et al. 2006 
Spain, Cáceres 3.31 ± 0.65 19 2-5 P.Chiscano & F.Cruz, 1971 
Portugal, Evora 3.97 ± 1.04 36 2-6 Claro, 2000 
Portugal, Castro Verde 
 
North-central 
Kazakhstan 
 
 
 
 
 
 
2.82 ± 0.40 
 
4.44 ± 0.86 
11 
 
50 
2-3 
 
2-6 
Onofre, 1995 
 
 this study 
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Fig 1: Frequency distribution of laying dates (1a) and relative laying dates (1b) in Montagu’s 
harrier in North-central Kazakhstan for the three years of the study. In figure 1b, week 0 is the 
week of the average lay date in each year.  
 
Fig 2: Relationship between mean laying date and latitude in 11 populations of Montagu’s 
harrier (Western Europe: black dots; Kazakhstan: white triangle) (data from Arroyo et al. 
2004 and this study).  
 
Fig 3:  Diet composition (percentages based on prey numbers) of Montagu’s harriers in the 
Naurzum region during the study period. (2000; 2006-2007). Sample sizes (in bracket above 
bars) refer to the number of identified prey items. 
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